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Respiratory mitochondria spontaneously undergo quantal, brief bursts of su-
peroxide production, named "superoxide flashes". A property common to all
species and cell types examined, the generation of superoxide flashes is
coupled to transient opening of the mitochondrial membrane permeability
transition pore and depends on the functional integrity of the electron-
transfer chain (ETC). The unitary properties of superoxide flashes (amplitude
and duration) appear to be stereotypical, at levels from isolated mitochondria
to whole organs (e.g. the beating heart) and even to live animals. Function-
ally, superoxide flashes act as elemental reactive oxygen species (ROS)
signaling events ("signaling ROS") that participate in diverse cellular pro-
cesses, whereas the constitutive electron leakage of molecular oxygen
from the ETC produces the bulk of ROS for the regulation of redox homeo-
stasis ("homeostatic ROS"). In particular, superoxide flash incidence pro-
vides a digital readout to gauge glucose- and insulin-stimulated
mitochondrial metabolism in live animals, and a novel biomarker of the
oxidative stress in hyperosmotic stress, ischemia-reperfusion injury, and
neurodegenerative diseases. Such dynamic, locally-high levels of ROS in
the form of superoxide flashes constitute one of the earliest signals that
initiate the cell-death program without appreciably affecting the global
ROS level. Moreover, in contrast to the effects of global ROS, superoxide
flashes negatively regulate neuronal progenitor cell self-renewal in the devel-
oping cerebral cortex. Thus, recent advances in "flashology" have bolstered
the notion that ROS act as second messengers in physiological and patho-
physiological contexts, and demonstrate the paramount importance of the
spatiotemporal organization of ROS signals in determining their signaling ef-
ficiency and modality.
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Voltage-gated calcium-channels are key molecular regulators of calcium-
dependent signaling processes in electrically excitable cells. The family of
L-type calcium-channels (LTCCs, Cav1.1-Cav1.4 pore-forming a1-subunits)
are sensitive to organic calcium-channel blockers (e.g. dihydropyridines).
The in vivo pharmacological effects of these widely used antihypertensives
are limited to inhibition of Cav1.2 LTCCs in the cardiovascular system, despite
the (often overlapping) expression of both Cav1.2 and Cav1.3 in most excitable
tissues. Important insight into the physiological relevance of these channels
therefore came from mutant mice and human disease pinpointing their distinct
functions not only in the heart but also for hearing, brain and endocrine func-
tion. Cav1.2 and Cav1.3 a1 share high structural similarity and are frequently
expressed in the same cell but exhibit important functional differences. Their
activity is fine-tuned by auto-inhibitory domains within their long C-terminal
tails but they use different mechanisms to adjust the extent of auto-
inhibition. Moreover, Cav1.3 channels activate at more negative potentials al-
lowing them to serve unique roles for sinoatrial node pacemaking and cochlear
inner hair cell neurotransmitter release. Accordingly, a loss-of-function muta-
tion in Cav1.3 a1 (CACNA1D) in humans causes sinoatrial node dysfunction
and congenital deafness (SANDD). Human mutations also revealed a novel
role for Cav1.3 in adrenal aldosterone-producing adenomas (APA). In APA so-
matic gain-of-function mutations can drive calcium-dependent aldosterone
production causing secondary hypertension. SANDD and APA mutations
also provided valuable insight into the structure-function relationship of
Cav1.3 a1.
Both channels have recently also been implicated as risk genes for psychiatric
diseases, including autism spectrum disorders. It will therefore be important to
understand how subtle changes in the function of these channels is associated
with human disease and how calcium-channel blockers can be further opti-
mized to specifically target them to LTCCs outside the cardiovascular system.
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Regulation of Voltage-Gated Calcium Channel Trafficking and Function
by Auxiliary Subunits
Annette C. Dolphin.
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Voltage-gated calcium channels of the CaV1 and CaV2 families contain an a1
subunit, which forms the channel pore and determines the main functional prop-
erties of the channel. The a1 subunit is associated with auxiliary subunits b and
a2d, whichmodulate the functional expression andproperties of the channels, but
their mechanism of action is still not well understood, particularly for a2d sub-
units. One of the main effects of a2d is to increase the current density for
CaV1 and CaV2 channels, thought to be an effect on trafficking. Using an
exofacially-tagged, fully functional CaV2.2 construct, we have examined the
amount of CaV2.2 at the cell surface and the effect of a2d subunits or their
non-functionalmutants.Wehave correlated our resultswith effects observed pre-
viously on calcium currents (Canti et al., 2005; Hoppa et al., 2012). We have
further examined the hypothesis that a2d subunits might represent trafficking
chaperone proteins rather than true subunits, as they have been found in proteo-
mic studies to be only loosely associatedwith the channels. Evidencewill also be
presented regarding the initial site of interaction of a2d subunits with CaV2.2
channels and whether a2d subunits remain associated with the channels.
Canti C. et al., (2005) The metal-ion-dependent adhesion site in the Von Wil-
lebrand factor-A domain of alpha2delta subunits is key to trafficking voltage-
gated Ca2þ channels. Proc Natl Acad Sci USA 102:11230-11235.
Hoppa M et al (2012) a2d couples calcium channels to neurotransmitter release
sites to control release probability. Nature 486:122-125.
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The plasma membrane protein Orai forms the pore of the calcium release-
activated calcium (CRAC) channel and generates sustained cytosolic calcium
signals when triggered by depletion of calcium from the endoplasmic reticu-
lum. To investigate the mechanisms of this calcium channel, we have deter-
mined crystal structures of Orai and studied the function of reconstituted
channels. The presentation will focus on structural and functional insights
from these studies.
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During muscle contraction, the myosin motors emerging from the myosin fila-
ment in each half-sarcomere form cross-bridges with the opposing actin fila-
ment, pulling it towards the center of the sarcomere through a structural
working stroke.Motors aremechanically coupled via their filament attachments,
and the co-operative action of this coupled system is the basic functional unit of
muscle, so determining the elastic properties of the half-sarcomere components
is crucial for understanding the mechanism of this collective motor. To that end
we used mechanical and X-ray diffraction measurements on single fibers and
whole muscles of the frog. 4kHz length oscillations were imposed on single fi-
bers (4C, 2.15mm sarcomere length) to determine how the half-sarcomere
compliance (Chs) is modulated by force. The results indicate the presence of
an elastic element in parallel with the array of cross-bridges with a compliance
of 200 nm/MPa, ca20 times larger than that attributed to the cross-bridges. X-ray
diffraction fromwhole frogmuscles allows precisemeasurements of the spacing
of the high-order myosin- and actin-based reflections, which report changes in
the strain of the twofilaments.We found that, at forces>0.4 the isometric tetanic
force, the filament compliance is constant and contributes 13.151.1 nm/MPa to
Chs, from which a cross-bridge compliance of 0.3550.13 nm/pN is calculated.
This value is not significantly different from that of the myosin head alone,
0.3850.06 nm/pN, estimated from changes in the intensity of the 14.5-nm X-
ray reflection from the axial repeat of myosin heads during rapid length oscilla-
tions in rigor fibers. We conclude that cross-bridge compliance is low and fully
accounted for by the compliance of themyosin head,without a significant contri-
bution from the rod connecting the head to the filament backbone. Supported by
MIUR-PRIN and FIRB (ITALY).
